Two new methods are proposed to extract the avour contents of the events produced at LEP/SLC, together with the classication matrix of a tagging by hemispheres. By utilising the tagging obtained in both hemispheres, the eciencies, backgrounds and avour compositions are directly obtained by tting the data. A minimal dependence on modelling and a consistent treatment of systematic errors are achieved by applying these methods. The choice of the tagging algorithm is irrelevant in the methods, provided that similar eciencies are reached. As an example, a Multivariate Analysis technique combining the tracking information given by microvertex detector has been applied to extract the Z ! b b branching ratio using a standard simulation of a LEP/SLC experiment.
Introduction
Flavour taggings have become increasingly important in the analysis of hadronic nal states produced in e + e colliders at the Z 0 pole and below. In this context, hemisphere tagging appears particularly interesting. The production of the quark-antiquark pair leads to a back to back topology. The tagging algorithm applied to one hemisphere is used to enhance a particular quark avour, and then the opposite hemisphere is available for studying the properties of that avour in an essentially unbiassed manner.
The performance of a tagging algorithm is characterized by a set of classication probabilities for each a v our to be classied into several categories. Generally this matrix is taken from Monte Carlo, with the requirement that the simulation should reproduce the physics and the detectors as closely as possible.
This article proposes an alternative. In the case of a tagging applied identically to both hemispheres of the events it is possible to measure from data itself, without explicit reference to simulation, both the avour composition of the original sample and the classication probabilities. The conditions to be met are:
Each hemisphere contains the products of one quark or antiquark with the same avour 2 .
For a given avour the tagging variables of one hemisphere are not correlated with those in the other. When these assumptions are almost fullled, the previous feature remains true to rst order, but simulation is required to evaluate the corrections, coming mainly from residual hemisphere correlations. However, in this case the level of accuracy required for the simulation is not as important as for the usual approach.
Two methods are described in this article and they have been already applied to the measurement of the Z 0 ! b b branching ratio in a LEP experiment [1, 2, 3] . In those analyses priority has been put on the measurement o f R b = b b = had , but in this description of the methods themselves importance will be also given to the extraction of the classication matrix. The methods will be discussed for an example of classication into three tags. Despite the fact that hadronic events at the Z 0 pole are produced in ve avours, the u u, d d and s s avours have been merged into a single uds family, since the tagging variables used have the same distributions for these avours. Thus three families of hemispheres will be considered: uds, c and b. Among these families the last one will be privileged because the tagging has been optimized for this sector. The b hemispheres will be mainly distinguished from the others by taking advantage of the long lifetime signature of b hadrons, which require the precise tracking information given by a silicon microvertex detector [4] .
The rst method is oriented exclusively towards the b sector and it measures the b avour rate and the classication probabilities of b hemispheres. The second method is more general and extracts also classication probabilities for the other avours and all tags. The advantage of the knowledge of a complete classication matrix, measured directly from data, is to provide calibrated samples of avour-enriched or avour-depleted hemispheres without having to rely on simulation to understand the purity and contaminations by other avours.
In order to test the methods, they have been applied to simulated events of a LEP/SLC experiment. The goal is to measure the avour composition and the performance of a multivariate tagging algorithm, then to control the quality of this measurement b y a comparison with the generated values. The choice of the tagging algorithm is arbitrary, provided the conditions previously mentioned are met. Details about the discriminant variables on which the algorithm is based would be found in appendix A. In section 2 we describe the mathematical formalism of the methods (a glossary of the most relevant mathematical symbols used throughout the text is given in appendix B). The following sections are devoted to the application mentioned above. Section 3 describes the hemisphere denition, the tagging algorithm, its main features and the classication criteria. The results are discussed in section 4. In section 5 we review the main sources of systematic uncertainties. Our conclusions appear in section 6.
Mathematical Formalism
Both methods are based on the assumption that the tagging is able to reach high purity for the privileged avour, i.e. in the b sector. Normally a tagging algorithm is associated with a classication criterion, called hereafter and which will be explained in the next section. By imposing a condition on this criterion it is possible to vary the composition and in particular the purity of the tags. We assume that the domain of high purity corresponds to large values of . Such a domain in can be specied by >
(1) where is the value of a purication cut. I f P uds (), P c () and P b () are the probabilities for the accepted events that a uds, c or b hemisphere is tagged as b for the domain dened by , the assumption of 100% purity reached for large values of is equivalent to the following limit conditions:
The Asymptote Method
This method intends to measure the fraction R b as well as the P b () tag probability b y determining the position of asymptotes in the distributions of several ratios with respect to . One critical factor for an accurate evaluation of the asymptotes is to get a sucient size of the high purity domain. Let us introduce the fractions of single and double b tagged hemispheres passing the condition (1) . An example of these single and double tag fractions is shown in gure 1.a. The fraction of single tags S b () m a y be expressed S b () = P uds ()R uds + P c ()R c + P b ()R b (3) and the fraction D bb () of double b tagged hemispheres, provided that hemispheres are independent, will be D bb () = P 2 uds ()R uds + P 2 c ()R c + P 2 b ()R b (4) where R uds , R c and R b are the avour fractions in the sample. In order to express these quantities in a more convenient w a y , w e i n troduce the c and uds probability ratios with respect to b as Q c () = P c ( ) P b ( ) ; Q uds () = P uds () P b () 
tends asymptotically to R b if the probability ratios Q c () and Q uds () tend towards 0 in the limit of high .
The assumption of the independence of hemispheres is measured by the correlation factor b bb () dened as
where S b b () and D b bb () are the single and double fractions computed only for b events. Figure 1 .b shows the b bb () factor corresponding to the application described in section 3.
Estimation of the P b () Probability
If the tag is ecient enough in the b sector, an estimate of the P b () probability can be extracted from the data themselves. Let us introduce, instead of D bb (), a more general joint probability to observe > 0 in hemisphere 1 and > 00 in hemisphere 2, D joint bb ( 0 ; 00 ) = P uds ( 0 )P uds ( 00 )R uds + P c ( 0 )P c ( 00 )R c + P b ( 0 )P b ( 00 )R b (10) Dividing by equation (6) 
As can be seen their asymptotic limits are also R b . In particular this limit is rapidly reached in the case of d bb ().
Dierential Ratios
Let us consider now a set of values i of the cut. The measured observables are N b ( i ) and N bb ( i ), which represent the number of single and double tagged hemispheres with > i . Therefore
where N tot is the total numberof events in the sample. However, adjacent bins are strongly correlated and therefore the ratios r b (), s b () and d bb () are not bin to bin independent. To a v oid this problem uncorrelated ratios tending towards R b , like the ratios r b (), s b () and d bb (), can be constructedr
with i dened by i < i < i +1 . The measurement o f R b is then reduced to the extraction of the asymptotes in the distributions of these ratios. The accuracy on the asymptotic value extraction is determined by statistics but it is also inuenced by h o w rapidly the asymptotic regime is reached, which mainly depends on the tagging eciency.
The Matrix Method
This method involves the t of a matrix of observables. More complex but more general than the asympote method, it is based on the same principles. It measures also the avour fractions and the hemisphere classication probabilities outside the b sector. The tag probabilities are grouped into a classication matrix C. The objective is to determine the vector R and the matrix C.
The tagging algorithm has the eect to classify the hadronic events into N T categories. As we shall see below, three avours require the introduction of at least six categories. Let C l I be the classication matrix element, i.e. the probability to tag a hemisphere of avour l in the category I (l = 1 ; :::; N F , where N F is the number of avours). The bidimensional array C l I is the same for both hemispheres. The same avour index should be associated to both hemispheres 3 .
Applying the tag to both sides and all events, we get a matrix N IJ , n umber of events classied I and J for hemispheres 1 and 2, shown in gure 2. Dividing by the total number of events one obtains the symmetric matrix of observables D IJ which is the input of the t discussed in section 4.
If the hemispheres are independent, the expected fraction of events T IJ is written as 
The Rotation Degeneracy
Unfortunately, the minimum of G(C;R) in equation (20) the three axes correspond to pure uds, c and b states. The vectorŨ, of unit length, and the set ofṼ I can be viewed as a rigid body. Once a particular solution has been found, other solutions may be generated by m o ving this rigid body according to three degrees of freedom; two degrees of freedom could be the position (, dip and azimuth angles) of the extremity o f U on a sphere of unit radius, the remaining one is an internal rotation around theŨ axis. The avour fractions are then R uds = cos 2 cos 2 ; R c = cos 2 sin 2 ; R b = sin 2 (21) The allowed range of (, ,) is limited by t w o factors. All the C l I and R l elements should be non negative since they are probabilities. Thus, the set ofṼ I vectors should remain in the rst octant. When an ecient tagging is reached for a given avour, some of theṼ I , corresponding to the enriched sample, become practically aligned with a avour axis. In the limit of three vectors almost aligned with dierent axes, the rigid body becomes locked. It is observed that the domain of rotations is indeed strongly limited, and the R l range is actually bound to an interval of a few percent. However the degeneracy does not allow t o e v aluate the errors.
Resolution of the Degeneracy Problem
An obvious way to solve the degeneracy is to x N F parameters which can be taken from simulation, theory or external measurements. The requirement to remain independent of external sources imposes to nd other solutions. The most interesting strategy is the following: the degeneracy is broken in the b sector, if some of the C b I parameters can be estimated independently (at least 2 in the case of 3 avours). The third degree of degeneracy can be removed by xing R uds , R c or any of the C uds c I have been used in equations (23). All category curves intersect at the same point; the third degree of freedom does not appear in equations (23) and it has no inuence on the b sector. As was previously said, it could be removed either by xing R uds or R c to their theoretical values or giving to one of the C uds c I matrix elements its expected value. In the example that will be described later on, the uds rejection in category 6 is strong and C uds 6 0.
The X b I estimates are obtained by the technique previously used to calculate the P b () probability. F rom the set of N I (), which represent the number of hemispheres classied into category I provided that > on the opposite side, one calculates the fractions
Expressed in terms of classication probabilities f I () can be written as f I () = P uds ()C uds I R uds + P c ()
whose asymptotic limit is
The X b I are therefore the asymptote values of the f I () distributions. In order to avoid the eect of bin to bin correlations, it is better to use the dierential ratioŝ
which h a v e the same asymptotes as f I (). 
A T agging Algorithm by Hemispheres
We shall consider now an application to a sample of 540K simulated events after acceptance cuts of a LEP/SLC experiment, supposed to fulll the requirements mentioned in the introduction [6, 4] . The aim of the acceptance cuts was to discard tracks far away from the interaction region and events outside the microvertex acceptance. The full detector simulated data was generated using [7] with a b lifetime of 1.6 ps. After passing this selection, the composition of the sample was R uds = 0 : 6089, R c = 0 : 1725 and R b = 0 : 2186. The impact parameter resolution of the assumed detector is around 20 m for + pairs.
Hemisphere Denition
Each e v ent w as carefully subdivided into two hemispheres as independent as possible. The particles were rst distributed into jets using the JETSET standard algorithm (LUCLUS) [8] and the jet direction was given by the jet thrust axis. All particles assigned to jets making an angle of less than 90 0 with the event sphericity axis are attributed to hemisphere one, the rest to hemisphere two. In order to maximize the independence between opposite hemispheres, a primary vertex is computed on each side with an iterative procedure which starts with all the charged particles in the hemisphere. If the t probability of the global 2 is less than 0.05, the particle which contributes with the largest value to the 2 is removed, and a new vertex t is attempted. The process continues until a probability greater than 0.05 is obtained or only two particles remain.
The beam spot position and dimensions have been used as constraints in the vertex t on both sides, increasing the discriminating power of the tagging but representing a common feature on both hemispheres. As it will be seen in section 5, the inclusion of a beam spot constraint does not seriously correlate the hemispheres.
The Tagging Algorithm 3.2.1 Description of Variables
We h a v e c hosen a multivariate tagging algorithm which has the property of maximizing the available information through a great number of variables. Dierent processes are expected to lie in dierent regions of their hyperspace. A set of twelve v ariables has been dened and evaluated for each hemisphere: one variable (boosted sphericity) is computed only with quadrimomenta. Nine variables are based on precise impact parameter information given by a microvertex detector. Two v ariables mix the two t ypes of information. The denition of the variables and the model distributions are given in appendix A.
Class Likelihoods and Denition of Tags
At the level of a single variable Z, the probability p l (z m ) to observe a v alue z in the interval z m for a hemisphere of avour l is given by the content y l (z m ) of the corresponding bin m in a model distribution of this variable and avour
where N l tot is the total number of events in the l avour distribution. In order to model the shape of these twelve v ariables we h a v e used a training sample of 50K simulated events [9] that was dierent from the simulated data set used to test the method 4 
The logarithm of these overall probabilities, called hereafter class likelihoods (L uds = ln p uds , L c = l n p c and L b = l n p b ) are the basis of the classication [10] . The class likelihoods, sorted in decreasing order as L fi r s t ,L second , L third , are used to tag the hemisphere as uds, c or b according to the highest probability L fi r s t .
Classication Criterion and Denition of Categories
In order to dene the six categories mentioned in section 2.2 we i n troduce the classication criterion , dened by = ln(p fi r s t =p second ) = L fi r s t L second (30) being a sensitive indicator of the tag clarity. From the distributions of in the three tags (gure 4), the uds and b tags are subdivided into categories according to the following criteria, while the c has not been subdivided because it is less populated and poorly enriched: 
Main Features
The true values of the R l avour compositions and the C matrix elements are shown on the histograms of gure 5. Figure 6 shows the eciency and contamination of the single and double hemisphere b tags as a function of the purication cut. Without any cut, the purity for the double hemisphere b tag is already 84% and rapidly approaches 100%. In practice, the D 66 component of the matrix corresponds to almost pure b events. The following features can be observed:
uds is the predominant a v our (61% in the analyzed sample). Its purity i s o v er 80% in category 1, but never reaches 100% because the tagging, based essentially on lifetime, is not ecient to discriminate between uds and c avours at its present level. Therefore, the uds and c columns of the C matrix are similar. 
Direct Ratio
In gure 8.a, the dierential ratior b () dened in equation (16) The result of such a t is shown in gure 8.a. The stability of the asymptote has been tested either by v arying the range used for the t or by trying dierent parametrizations. The estimation of R b from this ratio is R b = 0 : 2185 0:0052 0:0023 where the rst error is purely statistical and the second error is due to the choice of the binning and parametrization. The measurement o f R b can be aected by a correlation b bb () b e t w een double and single b tags. This factor, shown in gure 1.b, has been found small in this application and exhibits good stability e v en at large values of . The correction due to the eect of hemisphere correlations is of the order of 1% in relative value and has not been applied here. If more accuracy is required it is possible to rely on Monte-Carlo to correct for this eect. By repeating the procedure for generated b events a specic b ratio can be plotted which should be independent of , and the correction to be applied can be evaluated. 
Indirect Ratios
The indirect ratios use the estimations of the P b () andP b () distributions.They exhibit more clearly the asymptotic behaviour. Both results are consistent with the 0.2186 expected value. Good stability of the asymptote with respect to the tting range is again observed. Theŝ b () andd bb () happen to be well represented by a constant plus a simple exponential. Taking the average of the two measurements, which are practically independent, one nally quotes R b = 0 : 2209 0:0036 0:0030
Results of the Matrix Method
The population of the double tagged categories, shown in gure 2.a, is one input of the t. As can be seen uds and b events populate opposite corners, while the c events overlap largely with uds and b. The set of thef I () fractions, plotted on gure 9, is the other input. Good agreement can be seen between the asymptotic limits and the expected C b I elements which are also plotted. No other information taken from external sources is introduced in the t. The assumption that there is no irreducible background from light and c quarks appears veried in the gure 9 (see also gure 4).
Global Fit Procedure
The 
where the free parameters b I and c I give the shape of the distribution function and a I is a scale factor. Equation (33) can be used to t separately each of thef I () fractions to extract the X b I estimates. Then these estimates are introduced in the function G 1 (C;R) given by equation (22), which has to be minimized to solve the degeneracy. Figure 3 .b suggests how the degeneracy is broken and how category curves intersect when the left hand sides of equation (23) 
The classication matrix and the R l compositions are simultaneously obtained by this way. The f I is the statistical error onf I () for each bin of .
The main advantage of this global t is to provide the unique solution reproducing simultaneously the tensor population, given by the G function, and thef I () fractions appearing in the second term of G 2 . Moreover, as it is explained in section 5.1, correlation eects can be simultaneously studied for both terms of equation (34). The disadvantage is the introduction of a relatively large number of auxiliary shape parameters which oer too much exibility to the t and increases the statistical errors on the most important unknowns, the R and C elements.
Another point to be commented is the double counting of events in the denition of G 2 (C;R). Some events, mainly of the b avour, enter in both terms of equation (34). In order to estimate correctly the statistical error, we h a v e generated data sets by uctuating randomly the number of events on the cells of the D IJ matrix and on the bins of thef I () distributions. The dispersion of the R b tted values was taken as the statistical error of the t. This error agrees within 5% with the estimation given by the 2 + 1 method and therefore we conclude that the net eect of this double counting is small.
The function G 2 (C;R) has been minimized by xing the R c parameter to the generated value of 0:1725. As has already been remarked in section 2.2.2, this constraint has no eect on any parameter of the b sector. The tted b fraction is found to be R b = 0 : 2197 0:0040 in agreement with the generated value and giving G 2;min =d:o:f: = 258:7=225. The error is only statistical. Table 1 and gure 5.b compare the tted values of the classication matrix elements with the expected ones. The rst error is statistical and the second one is the systematic due to the R c uncertainty (calculated with a 8% variation). For the b column of the classication matrix the agreement b e t w een the measured and expected values is excellent and of the the same quality than the one observed in the asymptote method for the P b () estimation. The agreement is still satisfactory for the uds column. The behaviour of the charm column is reproduced, but the agreement is only at the 10% level. This lack o f accuracy reects the important o v erlapping between c and uds, the fact that charm is minority, and a possible eect of hemisphere correlations.
Sources of Systematic Errors
Systematic errors are specic to a given analysis. For this reason this discussion will be limited to an overview of the sources of systematics, in particular the ones relevant for the method. For the same reason, we shall not discuss errors on the classication matrix elements, because these elements are specic to a particular tagging algorithm. The discussion will be limited to the errors made on the R b fraction and consider only the matrix method since it provides its most precise value. The main sources of systematic errors are the hemisphere correlations.
Eect of Hemisphere Correlations
In order to take i n to account the hemisphere correlations, the expression of the T IJ fractions in the G 2 
The lim !1 b I () has been found to be well approximated by b I6 . We h a v e studied how m uch R b changes if one switches on 7 or o the correlation pattern. In the rst case one uses the true hemisphere correlation coecients shown in gure 10 through equations (35) and (37); in the second case these coecients are neglected in the minimization of the G 2 (C;R) objective function. In this application this variation was found to be about ( 0:321:00)% relative to the R b value. The error is due to the limited Monte Carlo statistics in the determination of the correlation coecients. This is an indication that the method is almost insensitive to the pattern of correlations. Moreover, asymptotic correlation factors can be changed taking into account the small variations of b I () at large . A negligible change, at the level of 5 per mil, was found on the nal tted R b value. 6 For example, the largest factor is b 11 = 0 : 68 0:16, but it aects only 1=1000 of b b events. 7 The additional constraints In the absence of hemisphere correlations, the R b measurement is mathematically independent of uncertainties on other obervables in and outside the b sector. However, in the presence of small correlations, we h a v e i n v estigated the eect of uncertainties on physical quantities or detector response which m a y c hange the correlation pattern and then aect the R b measurement.
The correlation between hemispheres occurs mainly due to polar angle acceptance, to the fact that the beam spot constraint is common for both hemispheres, and to hard gluon emission that may boost b hadrons into the same hemisphere. Also the correlation pattern may depend on the average b lifetime because it aects the tagging eciencies.
Hard gluon emission producing a b b pair in the same hemisphere is about 2 % of the b b events according to the simulation and might be the source of an excess of b events in the (small I,large J) and (large I,small J) cells. In order to evaluate systematic errors one can perform a t on simulation, removing the events with two b jets in the same hemisphere and recomputing the b fraction in the reduced sample. The correction to be applied has been found to be around 1% relative.
Generally, methods measuring R b by hemisphere double tagging require the tag eciencies for the uds and c avours and take these eciencies from simulation. They are therefore sensitive to uncertainties outside the b sector. In this method, these eciencies are measured simultaneously with R b . In the absence of hemisphere correlations, they should not contribute to systematic errors on R b . I t w as veried that these errors due to uncertainties in the uds and c sector were of second order. Dierent lifetimes and relative production rates of D mesons, charm decay m ultiplicity and fragmentation functions, production rates of long lived particles and secondary interactions were considered.
The sum of all these model uncertainties is at the level of 0.7 % of R b in this application [2, 3] . This shows that the method is almost insensitive to the uncertainties on the physical parameters.
Other Systematic Uncertainties
A possible dependence of the value of R b on the tagging algorithm was investigated. No systematic eects were observed. In fact, when one ts the double tag matrix together with the asymptotic estimation X b I , the method calibrates itself since all dependence on the modelling is included in the classication matrix and the R l parameters are free of this dependence. This behaviour was easily checked by c hanging directly the b tagging eciency: when the quality of the tagging improves, the measurement o f R b remains stable while the statistical error decreases because the size of the asymptotical domain is increased. In parallel the method was able to follow accurately the modication of the classication matrix.
We h a v e also investigated the eect of changing: a) the model used to compute the class likelihoods, comparing two training samples simulated with dierent b lifetimes (1.2 and 1.6 ps) and dierent v ersions of the simulation program; b) the boundaries low b and up b which dene the b categories. A relative error of a 0.30% on the R b value is found for these eects.
Conclusions
Two closely related methods have been proposed to directly extract the avour contents and the performances of a hemisphere tagging algorithm for samples of events collected in e + e annihilation experiments at LEP/SLC energies. These quantities can be obtained without any explicit reference to information taken from simulation, except eventually residual hemisphere correlations. The methods have been tested on a sample of 540K MC events with a full simulation of the detector, using a sophisticated multivariate analysis technique, optimized for b tagging.
The choice of tagging algorithm is irrelevant, provided that similar performances are reached for the b avour. Much attention should be paid to reduce as much as possible the correlation between the tags in the two hemispheres. The present w ork takes benet of the high precision given by microvertex detectors. It was applied to measure accurately the Z 0 ! b b branching ratio.
The results of the two methods show excellent agreement with the expected values together with a good precision in the b sector. A minimal dependence on modelling has been achieved. Systematic errors due to uncertainties on lifetimes, fragmentation functions, branching ratios, or detector resolution eects have been found small.
The main source of systematics comes from residual hemisphere correlations. Simulation could be used to evaluate these corrections. The Monte Carlo study shows that a global systematic uncertainty at the level of 1.3 % can be achieved on the b b = had branching ratio, where the main contribution ( 1%) is due to the limited simulation statistics [2, 3] . Also an accurate determination of the tagging performances provides precise calibrated samples of b-enriched or b-depleted hemispheres.
From the detector point of view, a set of requirements is needed [6] . For instance, good quality of the tracking devices, in particular for the vertex region, is essential. Accuracy of the measurement is directly related to the size of the asymptotical domain. In this respect, the new generation of 3-D vertex detectors, which should improve considerably the quality and the solid angle of the b-tag, oers promising perspectives. Finally, progress needs to be made in a better separation of the c and uds avour. For further developments it should be interesting to have particle identication fully available, which w ould allow the introduction of independent discriminating variables.
APPENDIX A Tagging variables
Once the hemisphere vertex has been obtained as explained in section 3.1, a set of twelve variables is computed independently in each hemisphere. Assuming that the vertex detector provides accuracy only in the plane perpendicular to the beam axis, we neglect the z track coordinates. Essential ingredients in these variables are the impact parameter of charged trajectories in the xy plane and related magnitudes. Some nomenclature is rst briey reviewed: h i is the impact parameter of the i-th particle trajectory projected in the xy plane with respect to the hemisphere vertex A h . The sign of h i is positive if the vertex A h is seen on the left when moving along the particle trajectory.
h;i is the error on h i , which adds in quadrature the contribution of the perigee parameter and the error from the vertex position.
In the xy plane the projection of the impact parameter on the jet axis is q i = h i sin i and normalized to its errorq i = h i sin i = q;i where i is the angle of the trajectory at perigee with the jet direction. The main error in i is due to the estimate of the jet direction. Note thatq i is positive for decay products of c and b hadrons travelling in the downstream direction of the jet.
The variables are dened for the N g good t r acks which mean charged particles attached to the main interaction or to secondary vertices very close to it. These tracks have t o satisfy the following additional conditions:
The impact parameter should be less than 0.25 cm in the xy plane and less than 1.0 cm in z.
The impact parameter error must be less than 0.5 cm. Tracks within the microvertex acceptance should have at least two associated hits.
In gures 11 and 12 we display the distribution of each v ariable for uds, c and b avours, obtained from a simulated sample called the training sample. These distributions are used to compute the class likelihoods in equation (29). The gures are plotted with a logarithmic scale, and the contributions of the 3 avours are on top of each other for readability.
A.1 Boosted sphericity ( S h )
This variable is the only one exclusively computed with quadrimomenta. The jet sphericity of the particles is evaluated with respect to the rest frame of a B hadron candidate moving along the jet direction given by the total momentum of the particles in the jet. A boost, along the jet direction, with a Lorentz parameter is needed to perform the transformation from the laboratory frame to the B rest frame. Monte Carlo studies show that at LEP/SLC energies the optimum value is ' 4. The sphericity in this frame is expected to be larger for b b events than for the other avours.
A.2 Normalized decay path ( h )
In addition to the main hemisphere vertex, a secondary vertex t is attempted for each hemisphere. The most energetic jet of the hemisphere is associated to the primary quark jet. Only particles making an angle of less than 14 o with the jet axis, with more than 1 GeV/c and with an impact parameter respect to A h of less than 2 mm in xy and 10 mm in z are considered in the secondary vertex t. The t provides the position of the secondary vertex V h and its covariance matrix. If there is only one track remaining in the t, the secondary vertex is taken as the intersection in the xy projection of this track and the jet axis passing through the main hemisphere vertex A h . If no track is left to compute the t, the same procedure is applied to the most energetic remaining jet. Among the good t r acks it is interesting to count the secondary tracks coming from c and b decays. Instead of selecting the candidates by a set of cuts, a weight is assigned to each particle giving its probability to be secondary. A w eight ! i is assigned to each track
The weight ! i is designed to be 0 for primary tracks (low momentum P i or h i = h;i ;q i small). The sign introduced by the tanh(q i ) factor allows a cancellation in the summation. On the contrary for secondary tracks (h i = h;i large,q i large and positive) ! i reaches the value 1. The sum h of the weights dened above is then equivalent to the number of secondary particles in the hemisphere and can be expressed as This variable is dened as the sum of the momenta weighted by the signed factor tanh(q i )
tanh(q i )P i
It intends to represent the sum of the secondary particle momenta. The contribution of primary particles cancel on average.
A.7 Sum of projected impact parameter ( h )
The sum of the projected impact parameters in the xy plane of all good t r acks is dened as
The h distribution is expected to be centered at 0 for the uds avours while for c and b an asymmetry in the positive direction is expected, due to the fact that in general the decay products have positive projected impact parameter. This is the minimum value of the quantity BP h = l n 2 h;1 d:o:f 1 + l n 2 h;2 d:o:f 2 which i s e v aluated by comparing all possible partitions of the tracks in one hemisphere into two subsets. The 2 h;1 and 2 h;2 are the 2 values from the vertex ts of the two subsets of tracks. In subset 2, we put up to 6 tracks lying on a cone of 25 o around the axis of the most energetic jet in the hemisphere. This selection is sensitive to secondary tracks from b decays. In subset 1, which i n tends to represent the primary interaction, we put the remaining tracks. The aim of this procedure is to provide a test of the hypothesis that there a r e two vertices in the hemisphere and also an estimation of the secondary vertex 
A.8 Excluded particles (N

